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1 Ú ó

g Pendry u 1996 cÚ 1999 c©O^[7á
�� (rod) 
��EÑ
$ª��K0>~ê�
<óx� [1] Ú^m���ì (split-ring resonator,

SRR) 
��EÑ
��K^�Ç�<óx� [2]

��, <�Åì5¿�
¢y�Ãá� (left-handed

materials, LHM) ��U5, ¿ò¤�EÑ5��Ã
á�A^u�Å+� [3−13].

��, m���ì���Ã(��Ì�¢y
�ª, ��
?�Ú�ïÄÚuÐ, �
û)(
�XÚ^�(� [5] (spiral resonators, SRs)!S /�
�� [6](S-shaped resonators, SSRs)!V /��� [7]

(V-shaped resonators, VSRs) Ú Ω /��� [8] �Ñ
��U^u�Ãá���E, ¿lnØþÚ¢�
þÑ��
y², �´ù

�(�E,
�, J
±¢y�.z, �du�\�Ñ��
A^Ø2;

Eleftheriades �KJÑ± L-C ��>´�.�Ä:
�DÑ�{ [9], T�.�@kJÑ�7á���
.äk�Ãª�°Ú�Ñ��`:, �X Caloz é
ù��{?1
XÚ�nØ©ÛÚÐÚ�A^&
¢, ¿ÄgÚ\
EÜ�mÃDÑ� [10](composite

right/left-handed transmission line, CRLH TL) �V

g, Lin �JÑ
æ^ CRLH TL 5��?¿Vª
�ì�, 'X©|�ÍÜìÚ·Ü� [11], Horii K
|^ PCB ��ó²¢y
�«õ� CRLH TL (
�, ¿æ^T(���
ó�ªÇ� 1 GHz Ú 2

GHz �º��~;n�Vóì [12], Marta Gil �
ò SRR ãY�¡3��/�þ, ¡��_m��
�ì (complementary split ring resonator, CSRR), ¦
��0>~êC�K�, Ó�3��þmø, ¦�
�^�Ç�C�K�, ù�Ò�¤�«#� CRLH

TL (�, ^uÈÅì�O, ¢y
�.zÚ°�ó
� [13].
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�.z, 
�;�
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2 #.EÜ�mÃDÑ�
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Ñ � ( � X ã 1 ¤ «, Ù ¥ 0 � 1 ¦ ^ þ Ý
� 0.4 mm � Rogers RT/duroid5880 0�� (�é
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0>~ê 2.2), 0� 2 ¦^þÝ� 0.9 mm ��Å
EÜ0� (�é0>~ê 6.15), ¥m7á�¦^þ
Ý 0.036 mm �ÔÊ, �¥%����¥%­Ü.
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3 Ansoft Designer ¥ïáAÛ�., ?1>^
�ý. ã 2 �#(� S ëê��ý­�, dã�
�, 3 3.75 GHz Ú 7.48 GHz NCkü���:. æ
^?�� Nicolson-Ross-Weir ëêJ�{ò�ý¤
� S ëêæ^^�?§, ��T(�����é^
�ÇÚ���é0>~ê, Xã 3 ¤«, 3 3.30—

3.85 GHz Ú 7.30—7.70 GHz ü�Åã¢yVK, `
²3ùü�ÅãS, T(�äk�Ãá�5�.
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ã 3 ���é^�ÇÚ���é0>~ê�ªÇ�A­�

3 #(�DÑA5��ëêm'X

�#(�k'�Ì�ëêk: 7á�º� θ, 7
á���° t, �/7á��>� a, þ�����
°Ý w, 7á�Ú���m�Y� ϕ. �ïÄTV
�0�(��DÑA5��ëêº���m�'
X, ÏL¦^�½Ù¥o�ëê�
UC,��ë
ê���{?1>^�ý5*	ªÇA5�Cz.

Ä k � ½ � | ë ê: θ = 90◦, t = 1 mm,

a = 10 mm, w = 2.8 mm, ϕ = 0◦.

�±Ù{ëêØC, �gUC θ (θ = 20◦, 55◦,

90◦), ��#(�� S ëê� θ Cz�­�, Xã 4

¤«. #(�3 0 GHz � 10 GHz �mkü���
:, �X θ �O\, $à��:Åì�$ª£Ä, �
CzÌÝÅìd�~�; Ó�, �X θ �O\, pà
��:Åì�pª£Ä, �CzÌÝé�. �� θ

�CzÌ�K�$àDÑ":.
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�±Ù{ëêØC, �gUC t (t = 1 mm,
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2 mm, 3 mm), ��#(�� S ëê� t Cz�­
�. ã 5 ¤«�7á��o> t �Ó�Cz� S ë
ê��A­�, �X t ��O\, $à��ª:Úp
à��ª:Ó��pà£Ä, �CzÌÝ���Ó,


Ï�°Ý��C°!ÀJ5Cf. ã 6 ¤«�U
C,ü> t �� S21 ëê��A­�, �X t �O
\, $à��ª:Åì©�Ñ,���:, ���
:ªÇØC, 
#©lÑ5���:Åì�pà�
C; �X t �O\, pà��:���Åì�$à£
Ä, ÌÝé�, 
�\�ÑÅìC�, Ï�ÅìC°.
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ã 6 ,ü> t �Cz�éëê S21 �K�

�±Ù{ëêØC, �gUC a (a = 7 mm, 10

mm, 13 mm), ��#(�� S21 ëê� a Cz�­
�, Xã 7 ¤«, a = 7 mm �, T(�3 10 GHz ±
S=k����:, 3 dB Ï�°Ý�°!ÀJ5
��; �X a �O\, ��:ÅìüC�ü�, �±
ßÿ, �X a �O\��:ò¬�õ, ��g��
:òÅì�$ª��£Ä, 
§���°%¬�5
�Ä.

�±Ù{ëêØC, �gUC w (w = 1.5 mm,

3.6 mm, 5.7 mm), ��#(�� S ëê� w Cz�
­�, Xã 8 ¤«, w ��Czé S ëê�Ì�K
�´�X w �O\$à��ª:�pà£Ä!p
à��ª:�$à£Ä, �£ÄÌÝþ��, 
�
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5Or.

/
d
B

2 4 6 8 10

-30

-25

-20

-15

-10

-5

0

 a=7 mm

 a=10mm

 a=13 mm

ã 7 a �Cz�éëê S21 �K�

/
d
B

S

S

2 4 6 8 10
-40

-30

-20

-10

0

 w=1.5 mm

 w=3.6 mm

 w=5.7 mm

ã 8 w �Cz�é S ëê�K�

/
d
B

 ϕ=30O
 ϕ=15O
 ϕ=0O

2 4 6 8 10
-50

-40

-30

-20

-10

0

ã 9 ϕ �Cz�éëê S21 �K�

194201-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 194201

�±Ù{ëêØC, �gUC ϕ (ϕ = 0◦, 15◦,

30◦), ��#(�� S ëê� ϕ Cz�­�, Xã 9

¤«, �X ϕ �O\, ü���:�ÀJ5Ñ��
\r, 
��ªÇ¿vk��UC, Ó�, pà��
:S�Ï��\�Ñk¤O\, �´O\ÌÝé�.

,	, I��Ñ�´, �X ϕ �~� (ϕ �u 45◦ �
¤á, Ï�7á�(�´¥%é¡�), ¤JÑ�#
(��ü�º���~�.

4 Äu Minkowski ©/���Vª�
ÈÅì�O

38c��ÅXÚ9Ã�Ï&XÚ¥, éõ
¤ì��Ñ�Oó�3ü�ªã�, X GPRS X
Ú!GPS ¥(XÚ, ù�ÒI�æ^VªÈÅìÈ
Å±~�XÚ¥��ì�ê8, ~��O�m, ü
$õÑ; 
XJêâ©Ñ3�
Äª�S?1DÑ,

Kd��I�VªÈÅì, Ï��éu°�ÈÅì,

VªÈÅì3³��	Z6þäké²w�`³.

Ïd, éVªÈÅì�ïÄÚ�Oék¿Â.
��5`, äk©/(��ÔNÑk'~g�

q5Ú�mW¿5ùü�A:, Ïd, XJr©/
�ùü�A:A^�ÈÅì�Oþ, U
��k�
³�ÈÅì�pg�Å!�)DÑ":!¦ÈÅ
ì(��\;n��J, l
r?ÈÅì�5UJ
pÚº��.z.

�©æ^
#. Minkowski �, Ù�EL§L
ãXe: ��^�� 1 ���ã, Xã 10 ¥ n = 0
¤«; ,�òÙU'~ 3:2:3 n©, �3üà�ã
� 3/8 ØÄ, ò¥m��ãU�¤p� 1/4!.�
� 1/4 � U /ò�, Xã 10 ¥é=1 �ö�; ��ò
Ê^�ã©OU¿U'~ 3:2:3 n©, ò��ã¥
m��ãU�¤�A�ãg�'~� 1/4 � U /
ò�, Xã 10 ¥ n = 2 �ö�. ­Eþãö��Ã
¡, ���#. Minkowski ­�. �Ä�\ó°Ý
�U�� 0.1 mm, �©�©Û
"g©/!�g©
/Ú�g©/.

ò¤JÑ�#.V�0��EÜ�mÃDÑ
�¥����¦^þã Minkowski ©/�{©/,

��#.���. ÄuþãïÄÚ?Ø(J, �O
¿��
ü±Äu Minkowski ©/���Vª�

ÈÅì, ©O��ü�(�Vª�ÈÅìÚüü
�(�Vª�ÈÅì. 3üü�?é(��O�,

�ÿÐTü�(��Ï��°, 3���þé¡
�\1�F/m´{!±Or7á������
m�ÍÜ, l
UõÙÏ�A5. Ù¢ÔÜ�ãX
ã 11 Úã 12 ¤«, ã¥¤«�|¤ÈÅì�þe
ü�0��, ��ÈÅì�I�ò§�Ã¿/Å�
3�å.
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ã 13 Úã 14 ©O�Ñ
ü�ÈÅì� S ë
ê�¢ÿ(J. dã 13 Úã 14 ��, Äuü�(�
�VªÈÅìü�Ï�¥%ªÇ©O� 2.75 GHz

Ú 5.42 GHz, ÄuV�(��VªÈÅìü�Ï�
¥%ªÇ©O� 2.60 GHz Ú 7.45 GHz. Ï�S£
Å�Ñþ$u 15 dB, �	³�ûÐ, ÀJA5þ�

u 40 dB/GHz. ù«���ªØ¬Ï��/��"
¡
E¤>^Å�¦, éì��>^oN5�O�
k�Ï. �©z [14] ¥¤JÑ�üü�(�V�0
�ÈÅì�', �©�O�üü�(�ÈÅìº�
 �
 35%.
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Novel composite right/left-handed transmission line
and its application to filter design∗
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Abstract

Split ring resonator arrays are difficult to achieve miniaturization because of their big sizes, while complementary split ring

resonators are easy to damage the other parts of the microwave circuit because it is etched on the ground layer. In order to solve

these problems, a novel double-layer dielectric composite right/left-handed transmission line structure is proposed and its equivalent

relative permittivity and permeability are calculated. Then the influence of dimension parameters of this novel structure on transmission

characteristics is analyzed. Finally two dual-band bandpass filters are designed and fabricaled by applying a new Minkowski fractal

curve to this structure, and meanwhile the dual-band characteristic of this composite right/left transmission line is demonstrated.

Keywords: CRHL TL, Minkowski fractal curve, dual-band bandpass filter
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